The Urban Dispersion Program (UDP) is a multi-year project, funded by the U.S. Department of Homeland Security, to better understand the flow and dispersion of airborne contaminants through and around the deep street canyons of New York City. The first UDP tracer and meteorological field study was a limited study conducted during March 2005 near the Madison Square Garden (MSG) in midtown Manhattan. The study is designated MSG05 where six safe, inert, gaseous perfluorocarbon tracers (PFTs) were released simultaneously at five street-level locations (two PFTs were co-located for quality control) during two experimental days. PFT samples were collected by several tracer samplers located at streetlevel and on buildings around MSG. Additionally, some types of tracer samplers were located indoors, and other types (personal air samplers) were carried along prescribed paths by project staff measuring the tracer exposure along the various paths. The total study area was approximately 1-km-by-1-km centered on the MSG.
Summary
The Urban Dispersion Program (UDP) is a multi-year project, funded by the U.S. Department of Homeland Security, to better understand the flow and dispersion of airborne contaminants through and around the deep street canyons of New York City. The first UDP tracer and meteorological field study was a limited study conducted during March 2005 near the Madison Square Garden (MSG) in midtown Manhattan. The study is designated MSG05 where six safe, inert, gaseous perfluorocarbon tracers (PFTs) were released simultaneously at five street-level locations (two PFTs were co-located for quality control) during two experimental days. PFT samples were collected by several tracer samplers located at streetlevel and on buildings around MSG. Additionally, some types of tracer samplers were located indoors, and other types (personal air samplers) were carried along prescribed paths by project staff measuring the tracer exposure along the various paths. The total study area was approximately 1-km-by-1-km centered on the MSG.
In addition to collecting tracer data, meteorological data were also collected. These included sonic anemometer data from six street-level locations around MSG. Sonic anemometers were also deployed at three building setback locations and three building rooftop locations. A sodar for measuring the vertical profile of winds was positioned on the Farley Post Office, just west of MSG, as well as at two locations across the Hudson River at the Stevens Institute of Technology (SIT) in Hoboken, New Jersey. Additional meteorological data were collected from several permanent stations on Manhattan as well as from nearby automated surface observing systems operated by the National Weather Service.
Brookhaven National Laboratory (BNL) conducted the bulk of the tracer and meteorological field efforts with Pacific Northwest National Laboratory and SIT assisting by measuring the vertical profile of winds at the SIT campus. The Environmental Protection Agency worked with BNL in accomplishing the personal exposure component of the study. This report is a companion to the two BNL MSG05 reports giving details of the tracer and meteorological components of the study. This report gives the coordinates of all the instruments deployed for this field study geo-referenced to a detailed building database. The coordinates were defined by positioning the instruments within a geographic information systems map using the detailed building and roads databases for the midtown Manhattan area. A quality-assured tracer dataset was developed as a subset of the complete tracer dataset for direct use in dispersion model validation studies. These data were carefully analyzed to assess internal consistency. This report presents some results from this analysis. In general, different release locations showed vastly different plume footprints for tracer materials, and the situation was made very complex with upwind and/or crosswind transport of tracer near street-level for the different release locations. Overall wind speeds and directions upwind and over the city were generally constant throughout each of the two experimental periods.
The MSG05 tracer data (release rates and concentrations) currently have limited distribution, and will only be distributed with a need-to-know. This report does not give any quantitative tracer release or concentration information, so it will be available for general distribution. 
Introduction
The Urban Dispersion Program (UDP), a multi-year program that began during early 2004, is aimed at investigating air flow and atmospheric dispersion through the heavily urbanized Manhattan borough of New York City (NYC). The UDP will collect ground-truth dispersion data that will be used to develop and validate tools to aid planners and first responders in the event of a contaminant release into the atmosphere of Manhattan. The Madison Square Garden (MSG) dispersion study, conducted during March 2005 (designated MSG05), was the first field study conducted under the UDP. A second, more extensive field study was conducted in Midtown during August 2005 (MID05). The MID05 study will not be discussed in this report.
The MSG05 tracer and meteorological field study was conducted in Midtown, Manhattan, in an approximately 1-km by 1-km domain centered on the MSG. The MSG05 comprised of two intensive observation periods (IOPs), where each IOP was conducted from 0900 to 1400 Eastern Standard Time (EST). During an IOP, six safe, inert, gaseous perfluorocarbon tracers (PFTs) were released simultaneously at five near-surface sites around the MSG. In addition to 19 outdoor ground-level sampling locations, several indoor and rooftop sites were sampled, and personal exposure measurements were made. Two 1-hour-long continuous releases of PFTs were conducted during each IOP. These occurred from 0900 to 1000 EST and from 1130 to 1230 EST. The two IOPs were conducted on March 10 and 14, 2005.
Data from meteorological measurements at a number of locations are available to support this study. Sonic anemometers were deployed at six ground-level locations around MSG as well as at three building setback locations and three building rooftop locations. A sodar was positioned on the Farley Post Office, just west of MSG , as well as at two locations across the Hudson River at the Stevens Institute of Technology in Hoboken, New Jersey. Additional meteorological data are available from several permanent stations on Manhattan as well as from nearby automated surface observing systems (ASOSs) operated by the National Weather Service (NWS).
This report summarizes the locations of the instruments deployed for this field study, as well as some results from the data. The coordinates have been defined by positioning the instruments within a geographic information systems (GIS) map with a Universal Transverse Mercator (UTM) coordinate system using the 1983 North American Datum (NAD). Geodetic positions are also presented. All latitude values are north of the equator, and all longitude values are west of the prime meridian. The GIS software used for the instrument location refinement was ArcView Version 9.0. In addition to the photographs that documented the instrument positions, the Windows Live Local website (http://local.live.com/) and Google Earth (http://earth.google.com/) were used to refine the coordinates.
2.1

Tracer Measurement
The MSG05 study consisted of two 6-hour-long IOPs. During each IOP, six perfluorocarbon tracers were released simultaneously from five ground-level locations. Figure 2 .1 shows a map of the study area with the release locations labeled A through E. The circular MSG building is labeled in the center of the image. The buildings that had rooftop instrumentation are also labeled in this figure. Two different PFT compounds were released from location C for quality control. A number of different tracer-measurement instruments were deployed in support of this field study. These included Brookhaven atmospheric tracer samplers (BATSs), sequential air samplers (SASs), personal air samplers (PASs), and a continuous dual trap analyzer (CDTA). The BATSs were programmed to collect 30-minute samples, while the SASs collected 6-minute samples. The PASs were deployed at many of the ground-level locations as well as in walking paths to investigate personal exposure. Adsorption tubes in the PASs were simply replaced every half-hour by the student participants to produce 30-minute samples. The CDTA was deployed in a mobile van to capture the PFT plumes at time and spatial resolutions that could not be achieved by the stationary samplers. See Watson et al. (2006) for additional details about the tracer instrumentation deployed for this field study. 
Quality-Assured Tracer Dataset
The perfluorocarbon concentration data collected from the BATS instruments have been thoroughly quality-assured for use in model validation efforts. Background concentrations have been removed to retain only those measurements that result from the PFT releases. The method for determining the background concentration involved plotting all of the BATSs and visually filtering the data to eliminate outliers and high concentrations, retaining only a band of data that appeared to be the background/noise. The average of the background/noise was then subtracted from the data to produce values that represent the portion of the ambient PFT concentration that is attributable to the tracer release.
The total set of quality-assured BATS data include 15 ground-level samplers (plus one duplicate), five rooftop samplers, and one indoor sampler for IOP 1. IOP 2 had data from 16 ground-level samplers (plus one duplicate) and seven rooftop locations. This quality-assured BATS dataset for model validation efforts is available as an Excel file. Details about the quality-assurance procedures applied to this verified dataset can be found on the "Info" tab of the Excel workbook that contains these data. For completeness, also included in this Excel file are the PFT release rates from Table 3 in Watson et al. (2006) . The MSG05 tracer data currently have limited distribution, and will only be distributed with a needto-know. The data will be available from a secure database in the future. At this time, individuals may request the data by contacting the authors at jerry.allwine@pnl.gov or julia.flaherty@pnl.gov.
4.1
Meteorological Measurements
Meteorological measurements were made by several street-level, building setback, and building rooftop wind stations. Three sodars were also deployed to measure vertical wind profiles. Many of the instruments were deployed near MSG to characterize the local flow patterns that affect plume transport. Figure 4 .1 presents a map with the meteorological instruments that were deployed near MSG.
The street-level sonic anemometers, labeled s1 through s5 and s7 in Figure 4 .1, were deployed on 3-m aluminum tripods. The rooftop stations, on the other hand, were mounted on 6-m tripods of similar construction. Building setback stations, such as s6, r6, and r7, were mounted on booms. The meteorological instruments in the near-field were deployed by BNL. See Reynolds (2006) for additional details concerning meteorological instruments deployed by BNL.
Winds were also measured at a location across the Hudson River, west of Manhattan. Two sodars and a meteorological tower were located at the Stevens Institute of Technology (SIT) in Hoboken, New Jersey. See Berg et al. (2006) and Berg and Allwine (2006) for a description of the sodars deployed at SIT.
In addition to the meteorological instruments that were deployed specifically to support this field study, permanent instruments continuously collected data that are available for analysis. These permanent installations include the National Oceanic and Atmospheric Administration (NOAA) and DCNet instruments and the ASOS. 
Initial Results
During each of the two study days of the MSG experiment, the overall wind conditions were generally constant through the 6-hr study period. The first study day (IOP 1) experienced winds that were nearly parallel to the streets, at about 300 degrees. Figure 5 .1 shows the wind speeds and directions from four elevated measurements: 30-minute averages from the 90-meter range gate of the SIT Sodar on Howe Center, 5-minute averages from the roof of One Penn Plaza, the roof of the Farley Post Office, and the roof of Two Penn Plaza. The yellow bars on the figure represent each of the hour-long tracer release periods, and all times are presented in Eastern Standard Time. The SIT sodar was west of the MSG study area, across the Hudson River (see Figure 4. 2), and this supports the fact that the rooftop measurements near MSG represent mean above-city flows. The wind directions are similar between the four measurement locations, and the wind speeds increase with the height of the measurement. The average temperature and pressure during the first release period of IOP 1 was about -3. .2 presents time series plots of the four street-level sonic anemometers that were deployed on the street corners around MSG. The two sites to the west of MSG, s1 and s2, indicate that the flow is diffluent at the MSG and forces channeling in opposite directions along 8 th Avenue. Location s3, which was between MSG and Two Penn Plaza, appears to be influenced by flows traveling down the windward face of Two Penn Plaza and away from the building, towards MSG near the ground surface. The winds at the final sonic anemometer location of Figure 5 .2, s4, are less steady than the previous three locations. Winds at s4 tend to switch between southerly and northerly at time intervals between 5 and 30 minutes. The average of four 30-minute BATS measurements for the two hour-long tracer release periods was computed. The background concentration was removed from the BATS measurements so that only the concentrations that were attributable to the tracer release were used. These average values were then plotted on a map to develop an estimate of the plume footprint for each of the five tracer release positions. Figure 5 .3 presents the results of these contours. To protect the sensitive nature of these concentration results, the contour intervals have been intentionally omitted from this figure. In addition to the plume footprints, Figure 5 .3 shows the vector-averaged wind speed and direction for the measurement locations near MSG during the same 2-hour period. The variability in winds during these two-hour periods are represented by wedges that are two standard deviations of the wind direction. 5.4 Figure 5 .3 shows that there are vastly different plume footprints for each of the release locations. In general, there is a fair amount of upwind and/or crosswind transport of tracer material. The exception to this is the tracer release from location E, which was on the north side of One Penn Plaza. It appears that the tracer is mostly channeled downwind along the street from this location because the winds were aligned with the streets.
The second study day (IOP 2) experienced winds that were at an angle to the streets, at about 330 degrees. Figure 5 .4 shows the wind speeds and directions from four elevated measurements: the 90-meter range gate of the SIT Sodar on Howe Center, the roof of One Penn Plaza, the roof of the Farley Post Office, and the roof of Two Penn Plaza. Compared with IOP 1, the wind measurements at the SIT sodar were commensurate with the measurements made near MSG. The wind directions are similar between the three near-MSG measurement locations, and the wind speeds increase with the height of the measurement. Average temperatures during the tracer release periods of the second IOP were -0.6 o C and 1.5 o C for the first and second release periods, respectively. The average pressures during these periods were 1008mb and 1007mb. .5 presents time series plots of the four street-level sonic anemometers that were deployed on the street corners around MSG for the second study day (IOP 2). As was seen during IOP 1, the two sites to the west of the MSG (s1 and s2) indicate flow divergence at MSG with channeling in opposite directions. However, the winds at s2 were not as steady as during the first day, and winds shifted between 5.5 40 degrees and 195 degrees. Although location s3 experienced very steady winds during IOP 1, this location had highly variable wind directions during IOP 2. Winds at s3 shifted from about 90 to 270 degrees at intervals between about 30 and 60 minutes. This is a potential indicator of a recirculation zone behind the Madison Square Garden, or simply intermittency between flow channeling down 31 st Street and flow away from Two Penn Plaza. Unlike the conditions during IOP 1, the sonic anemometer at s4 experienced very constant wind directions and periodicity in wind speeds during IOP 2. The winds at s4 were generally from 165 degrees, which is nearly 180-degrees from the mean above-city wind direction. In this case, s4 may have been experiencing flow that was deflected away from Two Penn Plaza. .6 presents the average BATSs and wind measurements from the two hour-long tracer release periods for IOP 2. As was shown in Figure 5 .3 for the first study day, there is a variety of different plume footprint shapes and a fair amount of upwind and/or crosswind transport of tracer for the different release locations. In general, the overall extent of the plume was similar in shape between the two IOPs. The exception to this is that the release from location D (southwest corner of MSG) did not have the crosswind transport near the source that was seen during IOP1. Also, although release E (north of One Penn) during IOP 2 exhibited a similar initial channeling down 34 th Street as was observed during IOP 1, the plume became broader in the first block downwind from the source. 
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